Beach Ridges Interspersed with Swales (BRIS) is a sandy soil and in Malaysia it is found exclusively in the east coast of Peninsular Malaysia. It is a marginal soil because of its low nutrient and water-holding capacity. However, with proper management and organic matter amendments some areas with BRIS soil are cultivated. Napropamide is a selective herbicide widely used to control weeds in BRIS soil. No previous studies have been reported on the effects of organic matter amendments on napropamide sorption in BRIS soil. This study was conducted to determine sorption and desorption of napropamide in BRIS soil amended with chicken dung (CD) and palm oil mill effluent (POME) at 0, 20, 40, and 80 Mg ha −1 . Potential interaction of dissolved organic carbon (DOC) with napropamide and their competition for sorption sites were also determined. Sorption isotherm data were fitted to the log-transformed Freundlich's equation. Sorption of napropamide was higher in soils amended with CD and POME as compared to nonamended soil. At the same rates of application, sorption was higher in soil amended with CD than POME. The Freundlich's coefficient (K f ) values were 0.22, 3.96, and 41.6 for nonamended soil, soil amended with 80 Mg ha −1 POME, and soil amended with 80 Mg ha −1 CD, respectively. Desorption of napropamide showed positive hysteresis and the hysteresis were greater with higher rates of CD and POME. There was no association between napropamide and DOC extracted from BRIS soil amended with either CD or POME and also there were no competitions between napropamide and DOC extracted from either CD or POME for sorption sites of the soil samples.
Introduction
Soil sorption is important in determining the fate of pesticides in the soil and water environments (Gerstl and Yaron, 1983) . The amount of sorbed pesticide in soil depends on the amount of soil organic matter and clay (Weber et al., 2004) . Soil that contains little organic matter and clay has low affinity for pesticides (Weber et al., 2004) . Soil organic matter can be divided into two fractions: solid and water dissolved fractions,.Both can affect the sorption of pesticides. Ben-Hur et al. (2003) studied the effects of dissolved organic matter (DOM) on soil affinity for atrazine. Their results indicated that soil with high organic matter had higher affinity for atrazine. They also observed that DOM decreased atrazine sorption by soil but it was only apparent in soil with low organic matter content. Sorption capacity of soils for three pesticides (2,4-D, naphthalene, and chlorpyrifos) were shown to be significantly reduced with increasing DOM concentration in solution (Li et al., 2005) . Cox et al. (2007) studied the effects of mixing DOM from liquid waste and solid residue of an olive-mill with soils on the soils sorption coefficients of diuron. They found increased sorption in sandy soil, whereas in clay soil sorption was decreased. They argued that the DOMs used in their study were composed of very poorly humified molecules, and were strongly sorbed onto the clay soil, thus competed with diuron for the same sorption site. In a study using poultry compost and urban sewage sludge, Dolaptsoglou et al. (2007) reported that DOM extracted from these materials was not interacting with terbuthylazine. Therefore, soils amended with these materials had higher sorption capacity for terbuthylazine as compared to the nonamended soils. Studies on the effects of DOM on pesticide sorption by soils have produced contrasting results (Lee and Farmer, 1989; Lee et al., 1990; Nelson et al., 1998; Nelson et al., 2000a) . This may be due to several factors that include heterogeneity of soil properties, pesticides characteristics, and the different characteristics of DOM, based upon the sources from which they are derived.
The total area of Beach Ridges Interspersed with Swales (BRIS) soil in Malaysia is estimated to be about 162000 ha. The BRIS soil is found exclusively in the east coast of Peninsular Malaysia. This soil is generally infertile, composed of predominantly inert sand particles. The sandy nature of this soil results in low inherent soil fertility status, poor nutrient and water-holding capacities, and excessive drainage. Although this soil is considered not suitable for cultivation, with the help of organic amendment and proper management some of the areas are cultivated (Othman and Carlise, 1987) . Among the common organic amendments used to increase the fertility of BRIS soil are chicken dung (CD) and palm oil mill effluent (POME) as they are relatively cheap and readily available, especially the POME. Napropamide [N, propionamide] is a common selective herbicide used to control several grasses and broadleaf weeds in BRIS soil. Several researchers have reported the association of napropamide and DOM derived from sewage sludge amended soils (Nelson et al., 1998; Nelson et al., 2000a; Nelson et al., 2000b) . They revealed that a napropamide and DOM complex was irreversible and DOM caused facilitated transport of napropamide in soil columns. Lee and Farmer (1989) showed that napropamide can associate with humic and fulvic acid, but the affinity of dissolved humic acid for napropamide was higher than the dissolved fulvic acid. Their results also suggested that the source of the DOM should be taken into account when evaluating the interaction between DOM and napropamide. Lee et al. (1990) studied competition between DOM and napropamide for sorption sites on clay and they found that DOM reduced the sorption of napropamide onto the clay; the extent of competition depended on the source and concentration of DOM.
As in the case of DOM, conflicting results were also reported in the literature on the effects of soil organic matter (SOM) on napropamide sorption in the soils. Aguer et al. (2000) indicated that sorption of napropamide onto bulk soil was affected only by clay content but not the organic matter content. In contrast, other studies reported strong correlation between soil sorption of napropamide with SOM content but only slight correlation with clay content (Gerstl and Yaron, 1983; Weber et al., 2004) .
While napropamide is frequently used in BRIS soil amended with POME and CD to control weeds, there is no reported study on the sorption of napropamide in this soil and the effects of CD and POME amendments on napropamide sorption on this soil is also unknown. Therefore, this study is undertaken with the objectives of determining the sorption-desorption of napropamide in nonamended and amended BRIS soils, and to evaluate the effects of DOM derived from nonamended and amended BRIS soils on association and competition with napropamide for sorption sites.
Materials and Methods

Chemicals
Analytical grade napropamide (99% purity) was supplied by Sigma-Aldrich. Napropamide is a polar nonionic herbicide with a vapor pressure of 1.67 × 10 −3 Pa (Majewski and Capel, 1995) ; K OC of 700 l kg −1 and degradation half-life of 70 d (Wauchope et al., 1992) . The remaining chemical properties are listed in Table 1 . Due to its low water solubility, the napropamide stock solution was prepared in methanol. Background solution used in this study was double-distilled water containing 0.01 M CaCl 2 adding 200 mg L −1 HgCl 2 as a bioinhibitor.
Incorporation of CD and POME to BRIS Soil and Measurements of Selected Properties
The top 15 cm of BRIS soil samples were taken from an uncultivated area in Setiu, located in the east coast of Peninsular Malaysia. For the amended soil, CD and POME were incorporated at the rates of 0, 20 (minimum rate recommended), 40, and 80 Mg ha −1 . Water was added to bring the soil to field capacity. All amended samples were left for one week after mixing and then air-dried at room temperature until they reached constant weights. Particle size distribution was determined by the pipette method (Gee and Bauder, 1986) . Water retention capacity was measured at field capacity (−33kPa) (Klute, 1986) . Total organic carbon (TOC) was determined using the Walkley and Black method (Nelson and Sommers, 1982) , total nitrogen using the Kjeldahl method (Bremner and Mulvaney, 1982) , and cation exchange capacity (CEC) using 1 N ammonium acetate (Jonse, 2001) . Soil pH and electrical conductivity (EC) were determined using a soil to double-distilled water ratio of 1:2.5.
Extraction of Dissolved Organic Carbon (DOC)
The DOC was extracted from each soil sample by mixing a background solution at soil to solution ratio of 1:10 (w/v) for 24 h on a rotary shaker at 30 rpm. Then, the solution mixture was centrifuged at 7000 rpm for 10 min and was passed through a 0.45 µm pore size membrane filter. The DOC in the filtrate was measured using a total organic carbon analyzer (ANA TOC Series II). The samples which did not pass the membrane filter were oven dried (35 • C) and labeled as samples without DOC. 
Napropamide Determination Using HPLC
The concentrations of napropamide were determined using a HPLC-UV (Model 1050, Hewlett Packard, USA). The stationary phase was a ZORBAX 300SB-C 18 (4.6µm × 250mm) column and UV was the detector used. The analyses were done under the following conditions: flow rate 0.6 mL min −1 ; mobile phase water/acetonitrile (45/55 vol/vol); detection wavelength 288 nm; injection volume 20 µL. Limit of qualification and limit of detection were 0.01 and 0.005 mg L −1 , respectively. The retention time was 10.7 min.
Recovery Study
The recovery study was conducted by using 5, 10, 15, 20, 25, 30, 35 , and 40 mg L −1 napropamide in a background solution. The solution was shaken for 24 h, centrifuged at 7000 rpm for 10 min, and then the napropamide concentration was measured. The percentage of recovery was calculated based on the original concentration and the concentration recovered after the shaking and centrifugation processes. The mean recovery for various concentrations of napropamide was 98.5±0.8% (mean ± standard error).
Sorption and Desorption of Napropamide
The batch equilibration method was used to determine napropamide sorption in amended and nonamended soils. Two g of air-dried BRIS soil from each treatment were added with 20 mL of background solution containing 5, 10, 15, 20, 25, 30, 35 , and 40 mg L −1 napropamide. Napropamide was prepared in methanol and added to the background solution. The total methanol concentration in background solution did not exceed 0.1% by volume to avoid changes in the background solution property (Rao et al., 1990) . The suspensions were shaken in 50 mL centrifuge tubes for 24 h in a rotating shaker and then after equilibration time centrifuged for 10 min at 7000 rpm. Ten mL of the supernatant was removed and the napropamide concentration in the solution was determined. Then, ten mL of the background solution containing only 0.01 M CaCl 2 and 200 mg L −1 HgCl were added to each of the centrifuge tubes. Suspensions were shaken for further 24 h, centrifuged, and 10 mL of supernatant was removed for analysis. We have previously determined that equilibrium was reached within 24h and no biodegradation occurred because HgCl 2 was efficiently inhibited throughout the experiment. The amount of napropamide sorbed to soil after equilibration was calculated from the difference between the initial and the equilibrium solution of napropamide concentration in the supernatant. There were three replications for each treatment.
Napropamide Sorption on DOC
The possible association of napropamide and DOC extracted from different soil treatments was studied. Ten mL of extracted DOC solution from each treatment were mixed with known concentration of napropamide to obtain napropamide concentration ranging from 5 to 40 mg L −1 . In addition, napropamide was also added to the background solution, which did not contain any DOC. The solution was shaken for 24 h, centrifuged, and the concentration of napropamide in the supernatant was measured. There were seven replications for each treatment.
Napropamide Sorption on the Soil in the Presence of DOC
The possible competition between napropamide and DOC for soil sorption site was studied using a batch equilibration method and the procedure was similar to the sorption experiment. Sorption experiments were conducted using soil with and without DOC. Soils without DOC were obtained from soil samples of which the DOC was removed using a background solution as described earlier.
FT-IR Analysis of POME and CD Before and After Sorption of Napropamide
About 0.1 g of POME or CD was put into a 50 mL centrifuge tube and then 40 mL of background solution containing 40 ppm of napropamide was added. The tube was shaken for 24 h and then was centrifuged (7000 rpm, 10 min). The mixture solution was passed through a 0.45 µm pore size membrane filter. The solid POME or CD that did not pass the membrane filter was oven dried at 35 • C until it reached a constant weight. The untreated POME and CD were obtained by subjecting the samples through the same procedure but without napropamide in the background solution. The FT-IR spectra for all the samples were obtained using Bruker VECTOR-22 spectrophotometer (Bruker Optics Inc., Germany) after sample incorporation in KBr pellets. The FT-IR spectra of samples were recorded over the range 4000-400 cm −1 on pellets obtained by pressing under reduced pressure a mixture of sample and KBr.
Data Analysis
Sorption data were fitted using log-transformed Freundlich equation (log S = log K f + Nlog C e ), where S is the solid-phase concentration (mg kg −1 ), C e is the equilibrium concentration (mg L −1 ), K f is the Freundlich's coefficient, and N is a constant. Desorption equilibrium data were fitted using the log-transformed Freundlich equation. Hysteresis coefficient, H, for sorption-desorption isotherm was calculated using the following equation: H = N S /N D where N S and N D are constants calculated from the Freundlich's sorption and desorption isotherms, respectively.
Results and Discussion
Properties of BRIS Soil Amended with CD and POME
Soil properties of nonamended BRIS soil and BRIS soil amended with CD and POME are shown in Table 2 . The BRIS soil is composed of 99.5% sand and 0.5% silt and no clay was present, resulting in low water retention and CEC. Soil water content at field capacity was 9% (w/w). Addition of CD and POME increased the CEC, which was proportional to the amendment rate. The increase in CEC is attributed to the increase in TOC in the samples. The addition of organic amendments also increased the pH, EC, TOC, total N, and DOC of the soil. The CD contained higher amount of DOC than POME at the same application rates. Amending BRIS soil with organic matter is a good agronomic practice to improve its productivity as suggested by the higher pH, total N, TOC, and CEC of the amended samples.
Sorption and Desorption of Napropamide in Different Soil Treatments
Sorption isotherms of napropamide in different soil treatments are shown in Fig. 1 . Sorption isotherms displayed a certain degree of non-linearity and were fitted to the Freundlich equation (Table 3 ). The increase in K f values with the increase in CD and POME application rates suggested that amendment of BRIS soil with CD or POME increased sorption of napropamide. At the same application rate, napropamide sorption in BRIS soil amended with CD was higher than in BRIS soil amended with POME. At the highest rates, K f value was 41.6 for CD amended soil as compared to 3.96 for POME amended soil. It shows that CD had higher capacity to adsorb napropamide as compared to POME. However, this could not be attributed to the higher DOC in CD as compared to POME for reasons that will be discussed below. The highest Freundlich's sorption coefficient (K f ) was shown in BRIS soil amended with 80 Mg ha −1 CD and the lowest was in the non-amended soil. The decreasing K f values were in the following order: 80 Mg ha −1 CD > 40 Mg ha −1 CD > 80 Mg ha −1 POME > 20 Mg ha −1 CD > 40 Mg ha −1 POME > 20 Mg ha −1 POME > non-amended soil. The results indicated that organic matter amendment, regardless of the source, increased napropamide sorption in BRIS soil. The K f value for napropamide sorption by the non-amended BRIS soil (0.22) was lower than the value of 2.88 reported by Aguer et al. (2000) for soil sample containing 90% sand and 3% clay. The BRIS soil used in this study contained more than 99% sand but no clay was present. The organic matter of their sample was 0.5% as compared to total organic matter in the BRIS soil of 0.55%. Since the amounts of organic matter in both samples were comparable, the presence of clay in their sample might be the reason for higher sorption of napropamide. The K f values for BRIS soil amended 80 Mg ha −1 POME and CD were 3.96 and 41.6, respectively. Both the amended samples have TOC of 1.2%. With a comparable amount of TOC, the K f value for POME amended soil was one unit higher than the value of 2.94 reported by Gerstl and Yaron (1983) , but the value for CD-amended soil was much higher. Our findings are in agreement with the results of Gerstl and Yaron (1983) , which showed significant increase in the amount of napropamide sorbed with increasing soil organic matter. Fernandes et al. (2006) also reported that organic amendments increase sorption of pesticides in soils. The sorption mechanisms of nonionic compound like napropamide by organic matter are often very complex, involving hydrophobic interaction (Chiou et al., 1983) , and in some cases specific reaction sites such as hydrogen bonding and electron donor-acceptor processes (Lee and Farmer, 1989) . Figure 2 shows the FT-IR spectra of CD and POME before ( Fig. 2a and 2c ) and after ( Fig. 2b and 2d ) sorption of napropamide. Peaks at 650-1000 cm −1 correspond to =C-H bend of alkenes, bands at 1000-1320 cm −1 to C-O stretch of alcohols, carboxylic acids, esters and ethers, peaks at 1400-1500 to C-C stretch (in-ring) of aromatics, peaks at 1580-1650 to N-H bend of first amines, peaks at 3250-3400 to N-H stretch of first and second amines, and amides and peaks at 1580-1650 to N-H bend of first amines. The FT-IR spectra of CD and POME mixed with napropamide indicated shifts in frequencies from 1620 cm −1 to 1631 cm −1 (N-H bond of 1 • amine), 677 cm −1 to 685 cm −1 (N-H bond of 2 • amine), 780 cm −1 to 778 cm −1 (=C-H of alkenes), and 1029 cm −1 to 1019 cm −1 (C-O of alcohols, carboxylic acids, esters and ethers). Electronic bond perturbation of the C-O group suggested direct interaction between this functional group with napropamide, possibly by H-bond formation with certain functional groups of napropamide (Si et al., 2006) . Changes in the frequencies of C-H and N-H groups were probably due to charge-transfer mechanism between the functional groups of napropamide and CD (Si et al., 2006) . The C-C bonds of aromatics rings appeared in both CD and POME after sorption of napropamide ( Fig. 2b  and 2d ).
Desorption of napropamide showed slight positive hysteresis (H) in all soil treatments (Table 3) , i.e., higher amount of napropamide sorbed as a function of the equilibrium concentration for desorption isotherm when compared with sorption isotherms. The higher the H values, the higher the hysteresis. The highest H value was observed in the soil amended with 80 Mg ha −1 CD, which also has the highest sorption capacity. Our results are in agreement with Cox et al. (1999) and Dolaptsoglou et al. (2007) , who reported that the addition of organic amendments to soils increased desorption hysteresis of pesticides. The hysteresis is possibly due to contribution of strong bonding between sorbate and sorbent, probably through a charge transfer mechanism. 
Napropamide Sorption on DOC
Results indicated that there was no association between napropamide with any of the DOC solutions extracted from different soil treatments (Fig. 3) . Our result showed a good agreement with those of Dolaptsoglou et al. (2007) , which showed that the presence of DOM did not decrease the amount of terbuthylazine in solution. Although most studies reported the interaction between napropamide and DOM, since the most abundant element in organic matter is carbon, DOC can be used to represent DOM. There are many possible reasons for the lack of association between napropamide and DOC: 1) DOC molecules in the solution may be of low molecular weight, which did not have affinity for nonionic pesticides (Celis et al., 1998) ; 2) DOC was hydrophilic and cannot associate with the napropamide (low hydrophobic pesticide) (Chiou et al., 1983) ; and 3) the molecular configuration of DOC has no affinity to napropamide (Chiou et al., 1986) . However, the results of this study contrasted with Lee and Farmer (1989) , who suggested otherwise. This inconsistency may be due to different sources of organic matter from which the DOC were derived.
Competition Between DOC and Napropamide for Sorption Sites
There wereno significant differences in napropamide sorption between any sample with and without removal of DOC as indicated by the sorption isotherms (Fig. 4) . This showed there is no competition between DOC and napropamide for sorption site. This is in agreement with Dolaptsoglou et al. (2007) , who reported no competition between DOC and terbuthylazine for sorption sites in soil amended with organic matter from various sources. In each treatment, the majority of sorption sites were provided by the solid-phase of organic matter and DOC was not expected to alter the nature and quality of the available sorption sites (Ben-Hur et al., 2003) . 
Conclusions
Our study suggested that source of organic matter was an important factor in determining the effects of napropamide sorption in BRIS soil. Although both amendment of CD and POME increased sorption, higher sorption was observed in soil amended with CD compared to POME. We also found that DOC was not associated with napropamide; hence, no competition between DOC and napropamide for sorption sites suggesting that sorption of napropamide occurred on the solid phase of the amended samples. Therefore, based on our results, there will be no risk from facilitated transport of napropamide in BRIS soil amended with either CD or POME as there was no association between napropamide with the DOC. Since CD amended soil had higher sorption of napropamide, we would recommend CD as organic amendment for BRIS soil to reduce napropamide leaching as well as to provide nutrients to the plants. However, the effects of other types of organic matter amendments on napropamide sorption should be specifically studied because napropamide sorption varies with sorbent types. The results of this study can be extended to sandy soils in other regions of the world, especially those with low organic matter content, and organic matter is usually added as an amendment.
